Methods:
In this multicenter, randomized, open-label, parallel-group trial, a total of 260 patients with inadequately controlled type 2 diabetes (HbA1c levels >6.9%) were randomly assigned to receive either sitagliptin (50 mg, once daily) or voglibose (0.6 mg, thrice daily) for 12 weeks. The primary end point was HbA1c levels.
Results: Patients receiving sitagliptin showed a significantly greater decrease in HbA1c levels (−0.78 ±0.69%) compared with those receiving voglibose (−0.30±0.78%). Sitagliptin treatment also lowered serum alkaline phosphatase levels and increased serum creatinine, uric acid, cystatin-C and homeostasis model assessment-β values. Voglibose increased low-density lipoprotein-cholesterol levels and altered serum levels of several fatty acids, and increased Δ-5 desaturase activity. Both drugs increased serum adiponectin. The incidence of adverse events (AEs) was significantly lower in the sitagliptin group, due to the decreased incidence of gastrointestinal AEs.
Conclusions: Sitagliptin shows superior
antihyperglycemic effects compared with voglibose as a first-line or second-line therapy. However, both agents possess unique pleiotropic effects that lead to reduced cardiovascular risk in Japanese people with type 2 diabetes.
INTRODUCTION
Recent large-scale clinical trials have suggested that intensive antidiabetic therapies that cause unnecessary hyperinsulinemia do not achieve satisfactory cardiovascular outcomes in people with type 2 diabetes, as they may lead to hypoglycemia and weight gain. 1 To avoid these problems, incretin-based agents that do not provoke unnecessary hyperinsulinemia have been developed, and are generally used as second-or third-line therapies, in addition to metformin, in Western countries. 2 However, to date, limited
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clinical evidence is available regarding incretin-based agents as first-line or second-line antihyperglycemic therapies.
Sitagliptin is an inhibitor of dipeptidyl peptidase-4 (DPP-4), which subsequently prevents enzymatic inactivation of endogenous glucagon-like peptide-1 (GLP-1) 3 and thus improves glycemic control in type 2 diabetes. Sitagliptin has proven effective both as a monotherapy and in combination with other oral antihyperglycemic agents, 4 5 although it is thought to be more effective in Asian patients than in Caucasian patients. 6 However, the majority of studies on sitagliptin monotherapy and combination therapy are based on non-Japanese patients, and its pleiotropic effects have not been investigated extensively, especially in Japanese patients.
Voglibose is an α-glucosidase inhibitor widely used to improve postprandial hyperglycemia. The antidiabetic actions of voglibose may be mediated, at least in part, by endogenous incretins because an α-glucosidase inhibitor may increase GLP-1 levels both by inhibiting DPP-4 activity 7 and by delaying intestinal absorption of a meal. 8 However, the differences between sitagliptin and voglibose are unknown from the perspective of understanding pleiotropic effects. The aim of this study was to evaluate hemoglobin A1c (HbA1c) as a primary end point, and the pleiotropic effects on metabolic and cardiovascular parameters as secondary end points, of sitagliptin versus voglibose in Japanese patients with type 2 diabetes who were unable to achieve adequate glycemic control via diet therapy and/or OHA monotherapy. Notably, dynamic randomization was used to adjust for demographic differences between the groups.
RESEARCH DESIGN AND METHODS Overview
This was a randomized, parallel-group study conducted on Japanese patients. The study was designed in accordance with the principles stated in the Declaration of Helsinki, and the protocol was reviewed and approved by the appropriate institutional review board for each study site. All patients provided written informed consent before participation.
A total of 260 type 2 diabetes patients who were unable to achieve adequate glycemic control via diet therapy and/ or OHA monotherapy were recruited from 19 centers in Japan between May 2011 and August 2012. Type 2 diabetes was diagnosed according to WHO criteria, based on a 2 h plasma glucose value of >11.1 mmol/L. 9 Inadequate disease control was defined as having a Hb1Ac level >6.9%. The trial was registered with the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (registration number UMIN000003503).
Patient eligibility
Participants were eligible if they were at least 20 years old, had type 2 diabetes mellitus, poorly controlled diabetes (HbA1c levels >6.9% within 12 weeks before screening), and had been treated with diet therapy and/ or a single OHA, such as sulfonylurea (SU), biguanide (BG) or thiazolidinedione (TZD) class drugs, for 12 weeks or longer.
Exclusion criteria were: (1) hypersensitivity or a contraindication to sitagliptin or voglibose; (2) history of type 1 diabetes; (3) history of ketoacidosis; (4) having experienced symptoms of hypoglycemia; (5) treatment with sitagliptin or voglibose within 12 weeks before screening; (6) treatment with insulin within 12 weeks before screening; (7) concomitant corticosteroid therapy; (8) poorly controlled or unstable diabetes (the state with ketoacidosis or with an increase in HbA1c >3% in the 12 weeks before screening); (9) alanine aminotransferase and/or aspartate aminotransferase levels more than 2.5-fold the upper limit of normal; (10) poorly controlled hypertension or systolic blood pressure >160 mm Hg or diastolic blood pressure >100 mm Hg; (11) presence of a severe health problem not suitable for the study; (12) pregnancy or breastfeeding; or (13) inability to participate in the study due to psychiatric or psychosocial status as assessed by the investigators.
Efficacy endpoints
A computer-generated randomization sequence was used to assign participants in a 1:1 ratio to either the sitagliptin or voglibose treatment group. Dynamic randomization was used to adjust for demographic differences (age, previous treatment for type 2 diabetes and HbA1c level) between the groups. In this activecomparator, parallel-group trial, eligible patients received either sitagliptin or voglibose in addition to their previous treatment for 12 weeks. Sitagliptin (Merck & Co, Inc, New Jersey, USA) was initiated and maintained at 50 mg once daily. Voglibose (Takeda Pharmaceutical Company Limited, Osaka, Japan) was initiated and maintained at 0.6 mg (0.2 mg with each meal). Other medications were unchanged during the study period.
The primary efficacy end point was the change in Hb1Ac levels from baseline over the 12-week period. Secondary end points recorded at baseline and week 12 included: fasting plasma glucose (FPG); serum creatinine (Cre); uric acid; alkaline phosphatase (ALP), bone alkaline phosphatase (BAP), cystatin-C (cys-C), 1,5-anhydroglucitol (1,5-AG), fasting serum insulin (IRI), fasting serum proinsulin, fasting C-peptide immunoreactivity (CPR), factors related to fasting lipid profile (including small dense low-density lipoprotein, lowdensity lipoprotein-cholesterol, adiponectin, tumour necrosis factor α (TNF-α) and leptin); blood pressure; and physical measures (waist circumference, body mass index (BMI)). The estimated glomerular filtration rates based on serum Cre (eGFRcreat) and serum cys-C (eGFRcys), and the average estimated glomerular filtration rate (eGFRaverage), were calculated using the fol- 10 11 The homeostasis model assessment of insulin resistance (HOMA-IR) was used as a conventional index for insulin resistance and was calculated as (IRI (U/mL)×FPG (mmol/L))/22.5). 12 To assess basic insulin secretion by β cells, CPR index (CPI), homeostasis model assessment-β (HOMA-β), secretory unit of islet in transplantation index (SUIT index) and quantitative insulin sensitivity check index (QUICKI), were calculated as follows: CPI= (100×fasting CPR (ng/mL))/ FPG (mg/dL)), 13 HOMA-β=(IRI (IU/L)×20/(FPG(mg/dL)−63)), 14 SUIT index=(1500×CPR (ng/mL)/(FPG (mg/dL) −63)) 15 and QUICKI=(1/(log IRI(IU/L)+log FPG (mg/dL)). 16 Serum fatty acid levels were measured as a secondary outcome. A serum sample (approximately 0.2 mL) and 2 mL of a chloroform-methanol solution (2:1) were placed in a Pyrex centrifuge tube, homogenized with a Polytron homogenizer (PCU-2-110; KINEMATICA GmbH, Switzerland) and centrifuged at 3000 rpm for 10 min. An aliquot of the chloroform-methanol extract was transferred to another Pyrex tube and dried under a stream of nitrogen gas. The dried sample was dissolved in 100 µL of 0.4 M potassium methoxide methanol/14% boron trifluoride-methanol solution, and the fatty acid concentrations were measured at SRL Inc (Tokyo, Japan), using a gas chromatograph (Shimizu GC 17A, Kyoto, Japan). Desaturase activities were estimated as follows: Δ-5 desaturase, C20:4ω6/C20:3ω6; Δ-6 desaturase, 18:3ω-6/18:2ω-6. 17 Medication adherence and adverse events were monitored throughout the study, and were rated by investigators for intensity and relationship to study drug.
Statistical analysis
The sample size required to detect a −0.6% change in HbA1c levels in the sitagliptin group, and a −0.4% change in the voglibose group, with a power of 80% (α=0.05, one-tailed; β=0.20) and standardized effect size of 0.6, was 112 participants in each group. Taking into account a dropout rate of 15%, we aimed to recruit 260 participants. All analyses used the full analysis set, which included all patients who received at least one dose of study drug and for whom data were available at baseline and from at least one postrandomization time point. Missing data were replaced by the last observed value of each variable in this analysis. Data were expressed as the mean±SD. The Statistical Package for the Social Sciences (SPSS) V.22.0 (SPSS Inc, Chicago, Illinois, USA) was used for the statistical analyses. Parameters were analyzed using the Wilcoxon signed-rank test in the internal group comparison, the χ 2 test or the Mann-Whitney U-test, or the Kruskal-Wallis test, in the intergroup comparison. Associations between variables were assessed using Spearman's rank correlation coefficient. Multiple regression analysis was carried out to determine independent factors for changes in HbA1c by sitagliptin or voglibose. p Values <0.05 were considered statistically significant.
RESULTS

Patient characteristics
A total of 260 patients were screened and randomly assigned to either the sitagliptin or voglibose regimen, and 241 participants (mean age, 63.2±12.7 years; mean BMI, 25.0±4.5 kg/m 2 ) were enrolled in this study (table 1) . Nineteen patients were removed after randomisation before the intervention because they withdrew consent (n=17) or did not meet inclusion criteria (n=2; see online supplementary figure S1). No participants took EPA or docosahexaenoic acid (DHA) before or during the study and other subject medications remained unchanged during the study period. One hundred and sixteen patients received diet therapy, 61 patients received SU, 57 patients received BG and seven patients received TZD. FPG and HbA1c levels were 154.7±35.1 mg/dL and 7.9 ±0.9%, respectively. Baseline demographics and disease characteristics of the two groups did not differ significantly (table 1) . The serum TNF-α levels at baseline included two outliers in the sitagliptin group. The median was similar in the two groups (Sitagliptin versus Voglibose, 1.20 vs 1.10 (pg/mL)) and there was no significant difference in the Mann-Whitney U test (p=0.166).
Clinical outcomes
Compared to baseline, FPG and HbA1c levels decreased significantly in both groups at the end of the study (table 2) . Sitagliptin was superior to voglibose in lowering HbA1c levels (−0.78±0.69 vs −0.30±0.78%, respectively) and FPG concentrations (−16.2±26.4 vs −4.4 ±38.7 mg/dL, respectively) relative to baseline. There was no significant difference of medication adherence between the groups (table 1). In addition, in the stratified analysis on good (≧80%) and poor (<80%) adherence, adherence rate did not affect these results (see online supplementary table S1).
Both agents significantly increased 1,5-AG concentrations, but voglibose was superior to sitagliptin in this regard. Sitagliptin, but not voglibose, increased indices for insulin secretion such as HOMA-β, SUIT and CPI. Both agents lowered proinsulin levels and both agents exerted marked effects on the insulin sensitivity index, QUICKI.
Sitagliptin significantly reduced the counts of lymphocytes ( p=0.007) and significantly increased the counts of neutrophils ( p=0.008) at week 12, whereas voglibose had no effect on them (table 2) . Sitagliptin significantly lowered ALP levels from 236±71 IU/L at baseline to 226 ±76 IU/L at week 12 ( p=0.000) without changing bone alkaline phosphatase (BAP), whereas voglibose had no effect on ALP levels. Both agents were almost neutral in their effects on liver enzymes, except that voglibose treatment decreased γ-GTP levels from 49±57 IU/L at baseline to 47±51 IU/L at week 12 ( p=0.011). Sitagliptin, but not voglibose, increased serum Cre, uric acid and cys-C. Both agents lowered serum triglyceride levels, whereas voglibose, but not sitagliptin, significantly increased LDL-C. Voglibose significantly increased TNF-α levels, whereas sitagliptin, rather, tended to decrease TNF-α levels. Both agents significantly increased adiponectin levels. In stratified analyses on each concomitant therapy, there was no significant difference in glycemic parameters (see online supplementary figure S2). SU significantly increased neutrophils and decreased diastolic blood pressure compared to BG in the sitagliptin group (data not shown).
Factors predicting the effects of sitagliptin and voglibose are shown in table 3. In the sitagliptin group, there was a significant correlation between ΔHbA1c and baseline levels of 1,5-AG (rs=0.338, p=0.000), HbA1c (rs=-0.589, p=0.000) and adiponectin (r=0.223, p=0.015; table 3). There was no predicting factor in the voglibose group. In a multiple regression analysis, only baseline HbA1c was the independent factor of ΔHbA1c in the sitagiptin group (β=−0525, p=0.000, adjusted R 2 =0.268).
Changes in fatty acid composition in serum lipids
Sitagliptin, but not voglibose, significantly decreased serum levels of total polyunsaturated fatty acids, including linoleic acid and total ω6 fatty acids. Voglibose, but not sitagliptin, significantly decreased total saturated fatty acids (including palmitic acid and stearic acid), total monounsaturated fatty acids (including palmitoleic acid and oleic acid) and some polyunsaturated fatty acids (such as γ-linolenic acid, 5,8,11-eicosatrienoic acid, dihomo-γ-linolenic acid, docosatetraenoic acid and docosapentaenoic acid). Voglibose significantly decreased the activity of Δ-6 desaturase and increased that of Δ-5 desaturase (table 4) . No correlation was observed between ΔHbA1c and eicosapentaenoic acid (EPA) levels at baseline in the sitagliptin group (table 3) .
Adverse events
The incidence of AEs was significantly lower in the sitagliptin group. This difference was attributable to the decreased incidence of gastrointestinal AEs, such as heartburn, abdominal pain, constipation, loose stool, diarrhea, meteorism and flatulence. Most AEs were mild or moderate but one patient in the voglibose group discontinued the treatment due to diarrhea. The incidence of hypoglycemia was low and similar in both groups. All incidences of hypoglycemia in this study were mild or moderate in severity, but one patient in the sitagliptin group discontinued the treatment due to hypoglycemia. Four serious adverse events (SAEs)-inguinal hernia, heart failure, pancreatitis and urinary tract infectionoccurred in the voglibose group, but were considered not related to the study. Due to these SAEs, three patients discontinued the agents (see online supplementary table S2).
DISCUSSION
This study directly compared HbA1c and the pleiotropic effects of sitagliptin with voglibose added to concurrent treatment in Japanese patients with type 2 diabetes who could not achieve adequate glycemic control through diet therapy or a single OHA. The novelty of the present study is as follows: First, dynamic randomization is methodologically novel. It is useful to adjust for demographic differences between each group. In this open-label, randomized, parallel-group study with dynamic allocation, we compared sitagliptin with voglibose, not only as a monotherapy, but also as an add-on therapy to SU, BG or TZD. Second, pleiotropic effects of sitagliptin and voglibose include previously yet-recognized findings.
Regarding the primary endpoint, sitagliptin was superior to voglibose in lowering HbA1c levels in monotherapy and in combination with each concurrent agent. A similar reduction in HbA1c was also observed in previous 12-week studies. [18] [19] [20] Regarding the secondary end points, sitagliptin and voglibose exerted unique pleiotropic effects in the present study. Sitagliptin, but not voglibose, significantly increased the markers of β-cell function (HOMA-β and proinsulin/insulin ratio). Preclinical studies have shown that GLP-1 stimulates β-cell differentiation and proliferation, inhibits apoptosis of β-cells, 21 22 and stimulates β-cell neogenesis and survival in streptozotocin-treated rats. 23 In fact, several reviews have indicated that DPP-4 inhibitors consistently improve markers of β-cell function in type 2 diabetes patients. 20 24 25 A decrease in the fasting proinsulin-to-insulin ratio, consistent with improved β-cell function, was observed in association with sitagliptin treatment in a previous study. 26 Sitagliptin compared with voglibose significantly reduced the counts of lymphocytes and increased those of neutrophils in the present study, as observed in the previous study.
27 DPP-4 is highly expressed by T-cells, especially CD4+ T-cells. Sitagliptin decreases CD4+ T-cells in a glucose-independent manner. 27 Whether DPP-4 inhibitors suppress immunity by reducing the number of circulating CD4+ T-cells should be examined in future. Sitagliptin significantly increased serum levels of Cre, cys-C and uric acid, and decreased eGFRcreat, whereas voglibose had no effect on these parameters in the present study. These results might relate to the Na-diuretic action of GLP-1, 28 although we observed no reduction in blood pressure in the present study. Therefore, it is possible that sitagliptin impairs renal function. In fact, during a much longer, 54-week study, it was found that 18.8% of patients in the sitagliptin group with moderate renal insufficiency at baseline transitioned to severe renal insufficiency status over the course of the study. 29 On the other hand, in our study, deterioration of eGFRcys was not observed. After 12 weeks, sitagliptin, but not voglibose, decreased ALP levels relative to baseline without affecting BAP levels. Although it is not certain whether this sitagliptinmediated decrease in ALP is related to bone metabolism, the decrease in ALP from baseline significantly correlated with a decrease in HbA1c levels, as observed in previous studies. 30 31 ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BAP, bone alkaline phosphatase; BMI, body mass index; BUN, blood urea nitrogen; CK, creatinine kinase; CPI, CPR index; CPR, C-peptide immunoreactivity; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; Hb, hemoglobin; HDL-c, low-density lipoprotein cholesterol; HMW, high molecular weight; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-β, homeostasis model assessment-β; IRI, fasting serum insulin; LDL-C, low-density lipoprotein-cholesterol; PLT, platelet; QUICKI, quantitative insulin sensitivity check index; RBC, red blood cell; SBP, systolic blood pressure; sdLDL, small dense low-density lipoprotein; SUIT, secretory unit of islet in transplantation index; TC, total cholesterol; TNF-α, tumour necrosis factor α; UA, uric acid; WBC, white blood cell count.
Both sitagliptin and voglibose significantly increased plasma adiponectin levels, as stated in previous reports.
32 33 There was a negative correlation between ΔHbA1c and Δadiponectin (table 3), suggesting that glycemic control at least partly contributes to the increase in adiponectin levels. The increased adiponectin levels might improve endothelial function and likely yield antiatherosclerotic effects. 34 In addition, baseline levels of adiponectin were negatively correlated with ΔHbA1c only in the sitagliptin group, suggesting that adiponectin level might be a predictive maker for the effect of sitagliptin in glycemic control. Serum EPA concentrations are reported to be associated with the glucose-lowering effect of DPP-IV inhibitors in Japanese patients with type 2 diabetes. 35 However, in our study, baseline EPA levels were not correlated with the change in HbA1c in the sitagliptin group (table 3) . On the other hand, sitagliptin significantly decreased polyunsaturated fatty acids, especially ω6 fatty acids, whereas voglibose altered serum levels of many kinds of fatty acids, unlike in a previous study with acarbose. 36 Notably, voglibose, but not sitagliptin, increased Δ-5 desaturase activity. Several crosssectional studies showed that the Δ-5 desaturase activity index, which refers to the ratio of arachidonic acids to dihomo-γ-linolenic acids, is positively associated with insulin sensitivity 37 38 and the onset of newly diagnosed type 2 diabetes, 39 and is negatively associated with several metabolic risk factors in patients with metabolic syndrome. 40 High Δ-5 desaturase activity was associated with reduced coronary heart disease risk. 41 Conversely, voglibose decreased Δ-6 desaturase activity. Δ-6 desaturase activity was associated with an increased probability of metabolic syndrome. 40 These findings suggest the possibility that voglibose, rather than sitagliptin, might reduce coronary heart disease risk by altering fatty acids profiling. However, as a limitation, because the present 3-month, open-label study was designed to compare the antihyperglycemic effects of sitagliptin and voglibose, the study duration may be insufficient to evaluate some of the pleiotropic effects. In the subgroup analysis, concomitant antidiabetic agents did not affect the results in glycemic parameters. In summary, we showed that sitagliptin is superior to voglibose in terms of improving glycemic control as a first/second-line therapy in Japanese people with type 2 diabetes. However, both agents exert unique pleiotropic effects on surrogate cardiovascular risks, which suggests a theoretical basis for potential benefits through combined therapy. A large-scale clinical trial on cardiovascular events is required to test this hypothesis.
